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ABSTRACT
Body weights, ovary weights, and 3 beta-hydroxysteroid 
dehydrogenase activity were measured in normal cycling and reproduc­
tively inhibited prairie deermice raised in populations. Total 
ovarian 3 beta-hydroxysteroid dehydrogenase activity was measured by 
spectrophotometry in one ovary and by histochemical staining in 
sections of the contralateral organ. Body and ovary weights of 
population animals were significantly lighter than those of control 
females. Trends were observed in which total ovarian 3 beta-hydroxy­
steroid dehydrogenase activity reached highest levels in proestrous 
and estrous, then decreased in metestrous and diestrous. The number 
of corpora lutea and their total area in cross-sections of ovaries did 
not vary with the estrous cycle but remained relatively constant.
Ovaries from population females showed significantly fewer corpora lutea 
with smaller areas than control ovaries but total enzyme activity was 
intermediate between the high and low values of control animals. These 
data suggest that nulliparous population females are in a suspended 
state of reproductive maturation resembling the diestrous "resting 
stage" between ovulations in control animals.
vii
OVARIAN 3 BETA-HYDROXYSTEROID DEHYDROGENASE ACTIVITY 
IN NORMAL CYCLING AND REPRODUCTIVELY INHIBITED 
PRAIRIE DEERMICE (PEROMYSCUS MANICULATUS BAIRDII)
INTRODUCTION
Laboratory populations of prairie deermice (Peromyscus maniculatus 
bairdii) do not continue to increase in numbers when raised in a confined 
space even when supplied with excess food and water. In fact, a stable 
number is attained which may vary between populations exposed to 
identical physical conditions (Terman, 1965; 1969)- Numerous studies of 
natural populations suggest that outbreaks of species of this genus 
rarely occur; thus it appears that deermice may be more sensitive to 
density-dependent factors that limit population increase and may possess 
a more efficient mechanism for controlling population growth than do 
species such as Lemmus, Microtus, and Mus, for which wide fluctuations 
in numbers occur (Terman, 1965; 1966). Control of population growth in 
Peromyscus appears to be governed by one of two means, either by cessa­
tion of reproduction, or by failure of the young to survive. Even in 
populations in which reproduction did continue, 9b percent of the females 
born into the populations living a minimum of 90 days failed to reproduce, 
an observation which emphasizes the role of inhibition of reproductive 
maturation and function in the regulation of population growth (Terman, 
1965; 1969). A density-related feedback mechanism has been postulated 
to explain inhibition of reproductive function which involves the 
hypothalamic-hypophysial-gonadial axis (Christian and Davis, 1965;
Terman, 1969).
2
3Functional activity of the ovary is controlled by a wide variety of 
external stimuli which are interpreted by the central nervous system at 
the level of the hypothalamus and translated into chemical messengers, 
or releasing factors, that control the release of hypophysial hormones 
from the pituitary gland. The hypophysial hormones which play the most 
important role in regulating the ovarian cycle in mammals are follicle 
stimulating hormone (FSH), luteinizing hormone (LH) and prolactin 
(luteotrophin), the latter of which is important in rats and mice 
(Schally, Arimura and Kastin, 1973)*
It is currently believed that FSH is responsible for initial growth 
and development of ovarian follicles, while LH is required for full 
maturation prior to ovulation and acts upon the FSH-primed follicle to 
promote preovulatory growth and secretion of estrogen (Ross and Vande 
V/iele, 19?-l). Rising titers of LH trigger the rupture of mature 
Graafian follicles at ovulation but it appears that FSH is also required 
for ovulation to occur (Mahesh, 1971)* The empty follicle is transformed 
into the corpus luteum which is responsible for progesterone synthesis 
and release. Both FSH and LH can induce ovulation and production of 
progesterone but only LH is capable of releasing the hormone from the 
corpus luteum after it has been synthesized (Greenwald, 197^)- Proges­
terone synergizes with estrogen and is essential for development of 
mammalian blastocysts as well as for production of a uterine progesta­
tional endometrium in which they can implant (Blandau, 1961; Hisaw and 
Hisaw, Jr., 1961).
Progesterone has also been found capable of suppressing ovulation 
through negative feedback control at the level of the median eminence of 
the pituitary gland in the rat and the hamster (Lisk and Ferguson, 1973).
4Although progesterone alone has relatively little effect on the release 
of FSH, it does suppress the preovulatory surge of LH and combined with 
estrogen in high enough doses is capable of depressing circulatory 
levels of both FSH and LH (Diczfalusy, 1969). In this respect, abnormal 
plasma concentrations of the hormone could inhibit reproductive success 
in deermice raised in confined populations.
Plasma progesterone concentrations have been measured in both 
normal cycling female deermice and population animals, but chronic 
levels that might interfere with the secretion of gonadotrophins and 
ovulation were not observed (Albertson, Bradley and Terman, 1975)- 
Although corpora lutea and follicles were observed in all control 
animals, significant levels of progesterone were detected in reproduc­
tively inhibited females in which histological examination of the 
ovaries revealed an absence of corpora lutea. It was suggested that 
this progesterone could have originated from sources other than the 
corpora lutea such as the stroma or interstitium of the ovaries, or from 
the adrenal glands (Albertson, Bradley and Terman, 1975)* Further, Mann 
and Barraclough (1973) have suggested that adrenal progesterone may be 
required to synergize with estrogens to facilitate the proestrous surge 
of LH in the rat.
Because of the difficulty of assessing ovarian activity by histologi­
cal examination, a reliable method is necessary to determine the sites of 
progesterone synthesis and their relative levels of activity. Such 
measurements have been made using histochemical reactions that can be 
coupled to normal enzymatic pathways required for steroid synthesis. 
Wattenberg (1958) described a procedure in which a specific enzyme,
3 beta-hydroxysteroid dehydrogenase, normally responsible for the
5conversion of pregnenolone to progesterone, could be used to catalyze 
another chemical reaction resulting in the deposition of a permanent dye 
marker.
To synthesize progesterone, cholesterol must first be mobilized or 
possibly produced within the smooth endoplasmic reticulum in cells of 
the corpus luteum after which it is transported to the mitochondria 
where 20 alpha-hydroxylase and 22-hydroxylase cleave the side chain to 
produce pregnenolone (Olge, 197^)* The final reaction in which the 3 
beta-hydroxy group is oxidized, is mediated by the coenzyme NAD and 
produces a reduced coenzyme, NADH. NADH in turn is oxidized via NAD 
diaphorase (subsequently identified as lipoyl dehydrogenase) which 
transfers the electrons to the final acceptor, a tetrazolium salt.
Upon reduction, this salt, nitro-blue tetrazolium, becomes an insolu­
ble dark blue formazan which precipitates to form a permanent marker 
at sites of synthesis (Wattenberg, 1958; Balogh, 196k; 1966). To 
demonstrate 3 beta-hydroxysteriod dehydrogenase activity, an unfixed 
tissue section is incubated in a medium containing the enzyme sub­
strate, dehydroepiandrosterone in place of pregnenolone, plus NAD, a 
tetrazolium salt (nitro-BT), and a buffer (Levy, Deane and Rubin, 1959).
Because this reaction is capable of demonstrating sites of probable 
progesterone synthesis, it can be applied to a study of ovarian activity 
in prairie deermice. The purpose of this study was to determine the 
normal pattern of 3 beta-hydroxysteriod dehydrogenase activity in mature 
cycling deermice and compare it to that seen in reproductively inhibited 
animals.
METHODS AND MATERIALS
Experimental Animals
The prairie deermice (Peromyscus maniculatus bairdii) used in this 
study were obtained from a laboratory colony that had been maintained 
for approximately l^ f years with sibling matings prevented and field 
caught mice added once a year when possible. Animals born into the 
colony were weaned at 21 days of age and maintained with siblings of the 
same sex. The control animals consisted of nulliparous female deermice 
that were selected at approximately 100 days of age and housed with males 
as bisexual pairs. The animals of each pair were separated by a parti­
tion of wire mesh which prevented physical contact but allowed the 
reception of visual, olfactory and auditory cues (Albertson, Bradley and 
Terman, 1975)*
Nulliparous females between 100 and 200 days of age were randomly
selected from a population (Population Cues Tactile, Exp. 1 - Pop. 18;
begun April *f, 1972) that had originally been founded by four pregnant
female deermice and four males, housed in a corrugated aluminum enclo-
2
sure with a floor area of 20 ft . The first litter of each female born 
into the population was removed after which the population was allowed 
to reproduce freely with subsequent litters sexed and toe-clipped for 
identification at birth. Routine bi-weekly checks were conducted to 
record reproductive status of the mice as well as births. A total 
of 35 females over 90 days of age were present in the population (109 
animals)at the time of sampling, of which only five had produced
6
7young during the 2^ -0 day period in which the population was 
maintained.
Wood shavings were provided for bedding in all cages with D & G 
lab diet (Price-Wilhoite Co.) and water supplied ad libitum. Both 
control and experimental animals were kept in the same room (15 ft. x 
15 ft.) with an artificial illumination schedule set to provide 12 hours 
of bright light (four ^0 watt fluorescent bulbs, 1215 to 2^00 hours) and 
12 hours of dim light (four 15 watt incandescent bulbs, 0015 to 1200 
hours) with a 15 minute dark period separating the two light changes.
The temperature in the animal room ranged from 21°C to 30°C.
The estrous cycle of control animals was monitored by daily vaginal
lavage for a minimum of 10 days prior to experimentation. The animals 
were killed between 1100 and 1500 hours by ether inhalation and weighed. 
The ovaries were removed and randomly assigned to either of the follow­
ing analyses.
Ovarian Histology and Histochemistry
After the removal of excess tissue, the ovaries were weighed twice
to the nearest 0.00001 g, mounted on a microtome chuck and frozen to
-20°C on the quick-freeze block of a freezing rotary microtome (AO Cryo- 
Cut). Sections 15 micrometers thick were cut and two slices in serial 
section were placed on each glass slide. Alternate slides were used 
for histochemical analysis or set aside for staining with hematoxalin 
and eosin. Eighteen 15 micrometer sections from the centermost part of 
each ovary were cut.
The sections mounted for histochemistry were rinsed five minutes 
with 0.1 M phosphate buffer (pH 7-1-7-^ )1 then incubated in the dark in
8an incubation medium described by Levy, Deane and Rubin (1959) for 
demonstrating 3 beta-hydroxysteroid dehydrogenase activity (Appendix A). 
All incubations were carried out for 30 minutes at 37°C on a covered 
slide-warmer. After incubation, the slides were removed, and the 
sections fixed in a solution of 50 percent ethanol - 10 percent formalin 
for an additional 30 minutes and mounted with glycerol-gelatin.
An estimate of corpora lutea number was obtained by counting all of 
the histochemically stained corpora lutea in 15 micrometer cross-sections 
taken from the middle of each ovary. Total area of corpora lutea in 
cross-section was also estimated by measuring the largest and smallest 
axes of each corpus luteum using an ocular micrometer at ^0X magnifica­
tion and calculating the area of an ellipse ( vab) from these dimensions. 
The areas of the various corpora lutea were then added to estimate total 
area of corpora lutea in that section. Estimates of the relative 
density of histochemical staining within these, corpora lutea were made
by measuring the length of time, in seconds, required to make a constant
2
photographic exposure through a 0.053 mm area composed solely of 
stained corpora lutea. Light microscope measurements were made on a 
Zeiss Photomicroscope II equipped with an automatic exposure feature 
and selected micrographs were taken using Panatomic X film.
Total Ovarian 3. Beta-Hydroxysteroid Dehydrogenase Activity
The contralateral ovary of each deermouse was cleaned, weighed to 
the nearest 0.00001 g, placed in 0.1 ml of 0.1 M phosophate buffer 
(pH 7.1-7.A) and homogenized at 2°C in a 10 x 75 mm culture tube with a 
plastic pestle. The homogenate was diluted with buffer to 0.3 ml. A 
0.1 ml aliquot of the mixture was added to each of two matched quartz 
(l ml) spectrophotometer cuvettes containing 0.9 ml of either a reaction
9mixture or a standard mixture (Appendix B). Both cuvettes were covered, 
shaken and allowed to incubate 10 minutes at 37°C after which they were 
placed in a Beckman DU-2 Spectrophotometer and the absorbance read at 
3k0 nm. This method measures the conversion of NAD to NADH, a reaction 
coupled to the oxidation of dehydroepiandrosterone by 3 beta-hydroxy­
steroid dehydrogenase. Values obtained were compared with a standard 
curve constructed from known concentrations of the enzyme and the level 
of activity calculated for a whole ovary. Activity was expressed in 
units (U); 1 U equal to 1 microMole of subtrate oxidized per minute in 
the presence of beta-NAD at pH 8.9 at 23°C.
Statistical Analysis
Body weights, ovary weights, total ovarian 3 beta-hydroxysteroid 
dehydrogenase activity, number of active corpora lutea, total area of 
these corpora lutea and their mean relative density of staining were 
compared among control animals using a single classification analysis 
of variance. However, in each case, the f value was significant so the 
nonparametric Kruskal-Wallis test was used. Two sample Wilcoxon tests 
were then used to determine differences between groups. Data obtained 
from population animals were compared to control animals from each 
stage of the estrous cycle using a Student's t test or a two sample 
Wilcoxon test. A Spearman rank correlation test was used to compare 
results from the various parameters measured for each animal. A proba­
bility value of 0.03 or less was considered significant.
RESULTS
Comparisons were made between the various stages of the estrous 
cycle in control animals and between population animals and each stage 
of the estrous cycle in the control group. The following parameters 
were measured: body weight, ovary weight, total ovarian 3 beta-
hydroxysteriod dehydrogenase activity, number of corpora lutea in 
cross-section, their total area and relative density of histochemical 
staining (Tables 1 and 2).
Body Weight
Within the control groups, metestrous animals showed the lowest 
mean body weight, 18.9 g 3 which was significantly ( p <0.0l) less than 
that of proestrous females, 2h.3 g (Table l). There were no significant 
differences in body weight between any of the other estrous stages 
within the control group, but the mean weight of population females was 
significantly smaller than that of every stage of the estrous cycle.
(p < 0.01).
Ovary Weight
Two sets of ovary weights were obtained, one from the organs 
used in histochemical analysis and one from those used in spec- 
trophotometric analysis. There were no significant differences 
between the mean weights of the ovaries used in each stage 
of estrous in one analysis when compared with the corresponding 
stage in the other analysis (Tables 1 and 2). Comparisons
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between the stages of estrous in each of these sets of weights indicated 
no significant differences. When ovaries from population animals were 
compared with each of the stages of estrous in their respective sets, 
they were found to be significantly smaller in all comparisons (p^O.Ol).
Total Ovarian 3_ Beta-Hydroxysteroid Dehydrogenase Activity
When the mean level of 3 beta-hydroxysteroid dehydrogenase activity 
in ovaries from all the control animals (O.87 U + 0.170 U) was compared 
with the mean level of enzyme activity among population animals 
(0.57 U i 0.160 U), no significant difference was demonstrated. An 
analysis of variance among control animals was performed using a Kruskal- 
Wallis test which showed significant differences among control animals 
with respect to stage of estrous (pcO.Ol). The mean level of activity 
was highest at proestrous (1.12 U) and estrous (1.29 U) and lowest at 
metestrous (O.69 U) and diestrous (0.46 U) (Table 1, Figure 1). This 
represented a 46.5 percent drop from the estrous peak to metestrous and 
a 64.3 percent decrease from estrous to diestrous but these differences 
were significant only at the p <0.2 level except between estrous and 
diestrous and between metestrous and diestrous (p< 0.1). The mean level 
of activity observed in population animals (0.57 U) was 19*3 percent 
larger than the low diestrous value but it was only 44.2 percent of the 
value of the estrous peak. Again, significance was demonstrated only at 
the p< 0.2 level using a two-tailed Wilcoxon test.
Number of Corpora Lutea
There were no significant differences observed with respect to the 
number of active corpora lutea, stained with formazan dye, among control 
animals in the various estrous cycle stages (Table 2, Figure 2). However,
lb
Legend for Figure 1_
Mean (-SEM) total ovarian 3 beta-hydroxysteroid dehydrogenase 
activity in animals with a normal estrous cycle and reproductively 
inhibited animals from populations. One unit (U) of activity is equal 
to 1 microMole of substrate oxidized per minute in the presence of beta- 
NAD at pH 8.9 at 23°C.
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Legend for Figure 2
Mean (-SEM) number of active corpora lutea in cross-section of 
ovaries from animals in the various states of the estrous cycle and 
reproductively inhibited animals from populations.
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of 12 population animals, 7 had no active corpora lutea while the others 
averaged l A  each, significantly (pcO.Ol) fewer than control mice.
Total Area of Corpora Lutea
The mean value for total area of corpora lutea among control animals
2
did not vary greatly by estrous stage, ranging from 2.A  mm (diestrous)
to k A 7  mm (metestrous) (Table 2, Figure 3). These differences among
the various control groups were not significant. The mean corpora lutea
2
area for population animals (0.33 mm ) was significantly smaller than 
every stage of the estrous cycle (diestrous, p< 0.01; all other stages
p < 0.002).
Mean Relative Density of Ristochemical Staining
The mean values for relative density of staining for all groups 
including population animals ranged from 13-2 sec to 1^.2 sec. There were 
no significant differences between any two groups including population 
animals.
Correlation Between Results of Histochemical and Spectrophotometric 
Analysis
No significant correlations were found between total ovarian 3 beta- 
hydroxysteroid dehydrogenase activity and the number of corpora lutea in 
the contralateral ovary, their total area, and mean relative density of 
staining.
19
Legend for Figure _3
Mean (-SEM) total area of corpora lutea in cross-section of ovaries 
from animals in the various stages of the estrous cycle and reproduc- 
tively inhibited animals from populations.
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DISCUSSION
Body weights, ovary weights and ovarian 3 heta-hydroxysteroid 
dehydrogenase activity were measured in normal cycling and reproductively 
inhibited prairie deermice so that comparisons could be made between the 
two groups. The various measurements are first discussed for control 
animals and then population animals are compared with the control pattern.
The body weights of experimental animals showed some variability 
between the stages of the estrous cycle (Table 1). Among controls, 
metestrous animals had the lowest mean body weight which was significantly 
lower than the highest mean weight in proestrous. These differences were 
not likely to have been caused by the estrous cycle per se, since other 
studies, using larger numbers of animals in each stage of estrous, have 
not detected a weight change with estrous cycle stage change (Albertson, 
Bradley and Terman, 1975; Hirsch, personal communication).
Significant differences were also observed between the relatively 
low mean body weight of population animals and the high mean values for 
all stages of the estrous cycle. This might suggest inhibition of total 
body development as well as the observed inhibition of reproductive 
maturation. Earlier studies with control animals maintained under 
different conditions did not demonstrate significant differences in body 
weight between population and control animals (Terman, 1969). However, 
there have been other reports of increases in body weight while animals 
were maintained in cages similar to those used in this study (Albertson,
21
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Terman and Bradley, 1975) and those workers proposed that the differences 
could be the result of factors such as overeating and lack of sufficient 
activity among control animals kept in small cages.
When mean ovary weights from either the histochemical or spectro- 
photometric analysis were compared between stages of the estrous cycle 
within their respective treatments, no significant differences were 
detected, suggesting that ovary weights did not vary with change in the 
estrous cycle (Tables 1 and 2).
Further, no significant differences were observed between ovary 
weights in corresponding stages of the estrous cycle between the two 
analyses. However, ovary weights from animals in estrous showed consider­
able variability. Upon inspection, this variability in weight appeared 
to be due to unusually large fluid-filled follicles present in one ovary 
of one experimental animal (Appendix C).
Examination of total ovarian 3 beta-hydroxysteroid dehydrogenase 
activity in animals in the various stages of the extrous cycle revealed 
trends in which relative levels of activity changed with the cycle 
(Table 1, Figure l). High levels of enzyme activity were observed in 
proestrous, reaching a maximum at estrous and then progressively de­
creasing in metestrous and diestrous (p<0.01 between estrous and 
diestrous). These mean levels of activity correspond closely to the 
relative levels of activity of the same enzyme measured by a different 
method in the rat estrous cycle (Gawienowski, Clark and Srinivasan,
1973).
When the number and area of corpora lutea demonstrating enzyme 
activity through histochemical staining were compared among control 
animals at various stages of estrous, minor differences were observed
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that were not statistically significant (Table 2, Figures 2 and 3)- 
Although one might expect a rise and fall in the number of corpora lutea 
and their area with changes in the estrous cycle, the apparent constancy 
of corpora lutea observed in this study may be necessary in a short cycle 
animal such as the deermouse so that sufficient luteal tissue would be 
present from previous cycles to serve as a source of progesterone during 
the luteal phase of the cycle. If corpora lutea were not present from 
previous cycles, lutein cells normally formed after ovulation might not 
develop in time to contribute significantly to progesterone synthesis. 
Thus, it appears that in the deermouse ^ follicles may be luteinized at a 
rate approximating the one at which old corpora lutea are lost.
No significant differences were detected in the density of staining 
between any two groups including population animals although the mean 
value was slightly lower than in control animals. This suggests that the 
method employed for measuring relative density was not sufficiently 
sensitive to distinguish differences between the various animals since 
the range of values was small and did not reflect changes in activity 
with changes in the estrous cycle.
Significant levels of 3 beta-hydroxysteroid dehydrogenase activity 
have been detected through histochemical staining in the corpora lutea, 
interstitium and follicular cells of ovaries from the rabbit, the guinea 
pig and the rat (Wattenberg, 1958; Levy, Deane and Rubin, 1959; Pupkin, 
Bratt, Weicz, Lloyd and Balogh, 1966; Strauss and Stambaugh, 1972).
Groups of corpora lutea formed after ovulation were observed to persist 
through three or more estrous cycles in the rat and could be recognized 
as belonging to three different generations by the variable staining 
found among them (Pupkin, Bratt, Weicz, Lloyd and Balogh, 1966).
24
Activity appeared only moderate in the developing corpora lutea, very 
intense in large fully developed ones and again less intense in those 
undergoing involution (Levy, Deane and Rubin, 1959)- In addition, 
relative intensities of histochemical staining in the theca interna, 
luteal and interstial cells were observed to vary with stage of the 
estrous-cycle in the rat. Weak or moderate staining intensity was 
observed during proestrous and estrous, strong during metestrous, but in 
diestrous it was only moderate (Motta and Takeva, 1971).
In this study, although enzyme activity was detected in areas other 
than the corpora lutea of deermouse ovaries (such as the interstitium 
and to a small degree the follicles), no attempt was made to quantify 
staining in these areas since they were seldom comparable with the large 
and dense concentrations of formazan deposited in the copora lutea 
(Appendix E 5 Figures 1-3 6). Variations in staining were observed between 
corpora lutea within the same ovary suggesting different levels or stages 
of development (Appendix E, Figures 4, 9) 11 and 15)- Interstitial 
staining did not appear to uniformly follow the pattern established in the 
rat (Levy, Deane and Rubin, 1959). Intense formazan deposition was pre­
sent in the interstitium of some ovaries but little or no stain was 
observed in other ovaries from animals in the same stage of estrous and 
thus did not seem to reflect changes in the estrous cycle (Appendix E, 
compare Figures 1 and 2, 9 and 10, 13 and 14). Staining was not observed 
in any appreciable number of follicles in contrast to the condition 
described in the rat, the guinea pig and the rabbit (Appendix E, Figures 
1, 5, 12 and 16).
When the data from reproductively inhibited females was compared 
with the data from control animals, many striking differences were
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observed. Population animals had significantly smaller mean ovary 
weights than control animals in every stage of the estrous cycle, an 
observation which has been made in previous studies (Terman, 1969; 
Albertson, Bradley and Terman, 1975) and is thought to reflect the inhi­
bitory effect of population growth on reproductive maturation. Signifi­
cant differences were also observed when the number of corpora lutea in 
cross-section and their total area in ovaries from population females 
were compared with the same measurements from control animals. In fact, 
of 12 population animals sampled, 7 showed no corpora lutea and of the 
five that had at least one corpus luteum, the mean value of 1.4 corpora 
lutea per ovary was 25 percent of the lowest mean control value.
The mean value of 3 beta-hydroxysteroid dehydrogenase activity 
among population animals was not similarly depressed as the results of 
histochemical analysis might lead one to believe. Instead, enzyme 
activity was found to be intermediate between the low diestrous value 
and the larger values in other stages of the normal control estrous cycle.
Three beta-hydroxysteroid dehydrogenase is capable of oxidizing 
dehydroepiandrosterone to form androstenedione as well as converting 
pregnenolone to progesterone. Therefore, histochemical staining attri­
buted to this enzyme does not necessarily demonstrate progesterone 
synthesis. Besides functioning directly as a hormone, progesterone may 
serve as a precursor for synthesis of other secretory products as well. 
Progesterone may undergo hydroxylation to form 17 alpha-hydroxyprogester- 
one which in turn may be converted to androstenedione, a precursor for 
synthesis of both androgens and estrogens. This observation explains the 
dense histochemical staining observed in follicular cells in ovaries of 
the guinea pig and the rat (Levy, Deane and Rubin, 1959; Pupkin, Bratt,
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Weicz, Lloyd and Balogh, 1966; Motta and Takeva, 1971) since 3 beta- 
hydroxysteroid dehydrogenase would be present in estrogen secreting cells 
of the theca interna. The variability of follicular staining in the 
deermouse ovary contrasts with these observations since one might expect 
a similar pattern of histochemical staining. However, it is possible 
that 3 beta-hydroxysteroid dehydrogenase was operating within these cells, 
but that synthesis was progressing at a reduced rate which did not allow 
substantial deposition of formazan. Indeed, supporting this hypothesis 
is the observation that substantial 3 beta-hydroxysteroid dehydrogenase 
activity was measured in ovaries of population animals that did not show 
any histochemical evidence of this activity in the contralateral organ. 
Evidence from studies in the hamster have shown that the relative concen­
tration of estrogen in ovarian venous plasma is about one-fiftieth of the 
concentration of progesterone (Shaika, 19?l)- Thus, levels of enzyme 
synthesis in these proportions might account for the relative differences 
in histochemical staining between follicular and lutein cells. The 
possibility also exists that progesterone, synthesized within the corpora 
lutea, could be transported to the developing follicles for conversion 
into estrogens. The dense histochemical staining in the corpora lutea 
observed throughout the estrous cycle lends support to such a hypothesis.
If ovarian 3 beta-hydroxysteroid dehydrogenase activity is compared 
with plasma progesterone concentrations measured in normal cycling 
deermice in a previous study (Albertson, Bradley and Terman, 1975)* the 
peak levels of enzyme activity do not correspond with the peak plasma 
progesterone concentrations which were detected in metestrous and 
diestrous. In this respect, the highest levels of enzyme activity pre­
cede the highest plasma progesterone concentrations. Several explana­
tions for this observation are possible. Three beta-hydroxysteroid
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dehydrogenase could be manufactured in large quantities within the ovary 
prior to progesterone synthesis, but hormone production could be retarded 
because of a lack of proper substrates. Such a lack of substrates, 
however, is unlikely since pregnenolone is produced in the adrenal glands 
and therefore would be present in the blood. Alternatively, the enzyme 
could be operating to produce precursors for synthesis of other hormones 
which are known to be present in high concentrations during proestrous 
and estrous, specifically 17 alpha-hydroxyprogesterone and the estrogens 
(Ross and Vande Wiele, 1975)- However, if 3 beta-hydroxysteroid dehydro­
genase is contributing precursors for synthesis of products other than 
progesterone, one would expect enzyme activity to remain high during 
metestrous and diestrous when progesterone per se is secreted in high 
concentrations. Hormone storage prior to secretion after ovulation is 
unlikely since gonadotrophins are believed to act by stimulating hormone 
synthesis rather than by stimulating the secretion of stored products 
(Eik-Nes, 1964).
Of course, the possibility also exists that the measurements of 
either 3 beta-hydroxysteroid dehydrogenase activity or plasma progesterone 
concentrations are incorrect. This probably is not the case, however, 
since plasma progesterone concentrations measured in the deermouse 
resembled those reported by other workers in the golden hamster, Meso- 
cricetus auratus (Lukaszewska and Greenwald, 1969), and 3 beta-hydroxy­
steroid dehydrogenase activity measured in the deermouse followed the 
pattern described by other workers in the rat (Gawienowski, Clark and 
Srinivasan, 1973)* It is possible though that the lag between peak 
enzyme activity and peak plasma progesterone concentrations could be the
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result of differences in sampling times with respect to the animals' 
activity period, or of subjective differences between investigators in 
determining stages of the estrous cycle.
Values for plasma progesterone among population animals were inter­
mediate with respect to the high concentrations measured at metestrous 
and the low concentrations detected at proestrous (Albertson, Bradley and 
Terman, 1975). In the present study, 3 beta-hydroxysteroid dehydrogenase 
activity measured in ovaries from population females was similarly inter­
mediate between the high level of activity seen at estrous and the low 
level observed at diestrous. With respect to their being intermediate, 
the two measurements appear to be correlated.
Although values for ovary weights, number of corpora lutea in cross- 
section and the total area of formazan staining were significantly smaller 
in reproductively inhibited animals than in control animals from every 
stage of the estrous cycle, total ovarian 3 beta-hydroxysteroid dehydro­
genase activity was not lower and comparisons between these various para­
meters failed to show any significant correlations. It is evident that 
ovarian maturation has been inhibited to varying degrees in these popula­
tion females since seven animals had no corpora lutea in the ovaries that 
were examined, suggesting that no recent ovulations had occurred while 
ovaries of five animals had at least one active corpus luteum. The 
observation that reproduction has been arrested at various levels of 
maturation in population animals has been made in previous studies with 
respect to plasma progesterone concentrations (Albertson, Bradley and 
Terman, 1975)* spermatogenesis (Keller, 1974) and FSH secretion (Hirsch, 
personal communication).
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In spite of this depressed level of development, 3 beta-hydroxyste­
roid dehydrogenase activity was not similarly depressed in population 
females but actually overlapped the control values. In fact, significant 
levels of enzyme activity were detected in animals which had no active 
corpora lutea in the contralateral ovary. A preliminary study of serial 
sections from ovaries used in previous work (Albertson, Bradley and 
Terman, 1975) showed no significant differences between the number of 
corpora lutea in one ovary and the number in the contralateral one 
(Appendix F). Thus, the assumption could be made that the interstitium 
or developing follicles would have to be a source of the observed enzyme 
activity. Adrenal glands, which have been suggested as an extraovarian 
source of progesterone (Feder, Resko and Goy, 1968; Piva, Gagliano, Motta 
and Martini, 1973) could not have contributed to the enzyme activity 
measured in this study.
This suggests that a potential is present with respect to reproduc­
tive maturation since follicles may develop to the point of ovulation and 
corpora lutea may be formed in ovaries of reproductively inhibited 
animals (although the corpora lutea observed here could have originated 
from the luteinization of unovulated follicles). Certainly, normal levels 
of progesterone synthesis can take place, as has been demonstrated both 
in this study and the one by Albertson et al. In fact, 3 beta-hydroxy­
steroid dehydrogenase activity in population females most closely 
resembled the mean value observed at diestrous in control animals. If 
diestrous is considered a resting stage between ovulations, then popula­
tion animals may be only in a suspended state of reproductive inhibition 
from which they may recover when exposed to the appropriate stimuli.
This may in fact be the case since previous work by Terman (1973) has
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shown that 75 percent of nulliparous females in which reproduction was 
inhibited produced litters within 90 days when they were removed from 
their populations and paired with proven mates.
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APPENDIX A
Composition of Medium for Histochemical Demonstration of 3 Beta- 
Hydroxysteroid Dehydrogenase Activity (Levy, Deane and Rubin, 1939)-
Dehydroepiandrosterone^
Propylene glycol 
2
Nitro BT soln., 1 mg/ml 
3Nicotinamide soln., 1.6 mg/ml 
Ll
NAD soln., 3 mg/ml 
Phosphate buffer, 0.1M, pH 7•1-7*4
14.0 ml
0.6 mg
1.0 ml
2.0 ml
1.4 ml
1.6 ml
o•
00 ml
0.6 mg. of DHA was placed in a small beaker with 2.0 ml of acetone 
and evaporated at 37 C on a slide-warmer after which the remaining 
solutions were added.
^2,2'-Di-p-nitrophenyl-5, 5'-diphenyl -3, 3' (3* 3'-Dimethoxy -4, 4' 
-diphenylene) ditetrazolium Chloride; Sigma Chemical Co., St. Louis.
3
Sigma Chemical Co., St. Louis.
2+
Sigma Chemical Co., St. Louis.
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APPENDIX B
Composition of Medium for Spectrophotometric 
Measurement of 3 Beta-Hydroxysteroid Dehydrogenase Activity
Standard Mixture
Propylene glycol 1.0 ml
Nicotinamide'*' soln., 1 rag/ml 1.4 ml
p
NAD soln., 3 mg/ml 1.6 ml
Phosphate buffer, 0.1 M, pH 7-1-7.4 8.0 ml
NaCN soln., 0.003 M 0.2 ml
12.2 ml
Reaction Mixture
■z
Dehydroepiandrosterone 0.6 mg
Propylene glycol 1.0 ml
Nicotinamide soln., 1 mg/ml 1.4 ml
NAD soln., 3 mg/ml 1.6 ml
Phosphate buffer, 0.1 M, pH 7-1-7-4 8.0 ml
NaCN soln., 0.003 M 0.2 ml
12.2 ml
^Sigma Chemical Co., St. Louis.
2
Sigma Chemical Co., St. Louis.
■z
0.6 mg of DHA was placed in a small beaker with 2.0 ml of acetone 
and evaporated at 37 C on a slide-warmer after which the remaining solu­
tions were added.
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APPENDIX C
Body Weight, Ovary Weight, and Spectrophotometric 
Analysis of 3 Beta-Hydroxysteroid Dehydrogenase Activity.
Animal Body Ovary Total Ovarian
Number Weight Weight Activity
(g) (mg) (U)
Proestrous
4 23-6 20.1 0.53
7 23.8 8.8 0.61
8 45-5 14.1 0.40
22 16.2 10.2 0.52
28 31.6 8.0 0.28
32 20.5 54.0 0.65
33 19.4 11.6 6.40
39 22.5 24.8 0.53
45 17-9 5.8 0.71
58 23-3 9.5 0.38
60 19.1 4.2 1.35
Estrous
10 34.9 10.0 0.58
24 42.8 24.3 0.27
27 19.4 9.2 8.84
30 20.3 11.8 1.43
34 19.5 231.6 0.31
35 20.1 9.0 0.84
44 19.1 6.0 0.27
46 19.2 10.1 0.51
49 18.9 14.9 0.55
35
tim
imb
51
56
57
63
3
23
26
29
31
4l
42
' ^
48
50
52
54
55
59
62
64
65
66
36
Body Ovary Total Ovarian
Weight Weight Activity
(g) (mg) (U)
Estrous (continued)
16.8 12.0 0.54
18.7 5.7 0.49
25.4 9.8 1.46
13.8 4.4 0.68
Metestrous
17.1 4.7 0.55
44.8 14.1 0.67
18.3 7.8 0.65
15.0 6.9 1.22
20.3 7-2 O.67
20.0 6.5 0.18
19.6 12.7 0.70
17.6 11.9 0-55
17.4 4.9 2.28
20.0 9.7 0.19
18.1 9-3 O.78
16.6 11.8 0.54
18.8 8.7 0.68
17.9 8.3 0.76
15.9 6.7 0.51
14.5 9.0 0.65
15.0 5.5 0.44
13-6 7.5 0.49
Anim.
Numb
1
2
6
9
14
16
21
25
37
4o
47
931
933
935
937
943
945
953
955
957
959
106
108
37
Body Ovary Total Ovarian
Weight Weight Activity
(g) (mg) (U)
Diestrous
17.7 8.3 0.72
17.7 3-7 0.15
35.1 13.2 0.16
39.7 8.8 0.23
20.2 13-4 0.20
20.3 10.0 0.28
18.1 7.9 0.42
19.2 13.4 1.20
23.6 7.4 0.77
22.9 9.0 0.42
19.0 ll.l 0.48
Population
12.1 1.0 0.35
13.6 1.7 0.06
15.1 3.2 0.46
12.0 1.9 0.03
12.1 4.0 1.43
12.7 1.1 0.68
14.6 2.2 0.06
12.2 1.7 0.97
12.0 2.1 0.09
11.6 0.8 0.85
11.7 1.0 1.65
12.8 3.5 0.22
.ira;
'mb i
7
8
11
22
28
33
39
45
58
60
10
24
27
35
44
46
b9
51
56
57
APPENDIX D
Ovary Weight and Histochemical Analysis of 3 Beta- 
Hydroxysteroid Dehydrogenase Activity,
Ovary Number Total Area Mean Relative
Weight Corpora of c.l. Density of c,l.
(mg) Lutea (mm^) (sec)
x - SEM
Proestrous
11.1 12
13.8 7
- 8
39.2 b
9.5 b
10.6 3
21.9 16
8.6 6
9.4 b
12.5 10
Estrous
10.^ 5
25-3 15
13-2 5
11.9 13
6.1 2
8.8 10
15.3 7
11.7 9
5-8 5
9-2 2
7.6 14.6 - 0.30
2.8 14.9 - 0.74
3.5 13.0 ± 0.54
1.0 13.0 - l.ll
2.7 13.2 - 0.13
1.9 12.5 - 0.07
7-5 14.5 ± 0.25
1.2 16.8 - 1.10
3.3 15-0 t o.54
9.6 12.9 - 0.17
2.7 18.6
+
0.85
10.8 12.4 + 0.18
3.5 11.7
+
0.12
9.2 12.4 + 0.32
1.4 14.6 + 0.15
4.5 12.3 0.39
3-9 11.5
+
0.25
4.3 14.0
+
0.19
2.3 14.5
+ 0.44
1.3 13.7
+ 1.20
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lim
imb
23
26
29
31
4l
42
50
52
5b
59
62
6b
i
6
lb
16
17
21
25
37
40
b7
39
Ovary Number Total Area Mean Relative
Weight Corpora of c.l. Density of c.l.
(mg) Lutea (mm2)
x - SEM
Metestrous
17-5 12
8.7 12
6.4 5
8.2 3
5.8 8
10.4 12
8.5 3
9.8 6
11.0 10
9.8 5
5.2 9
7-9 3
Diestrous
6.8 8
12.5 7
7.2 3
9-5 5
13.9 4
6.4 2
9.6 7
7.8 4
8.0 7
12.7 4
11.6 12.4 + 0.28
5.5 14.5
+ 0.30
7.2 15.3
+ 0.26
2.1 13.2
+
0.59
3.2 14.4
+ 0.52
6.2 13.2
+
0.27
2.2 13.4
+
0.88
4.1 12.8
+
0.35
5.2 13-2
+ 0.72
2.2 13.2 + 0.50
2.7 14.7
+
0.57
1.6 10.5
+
0.12
4.6 13.4 + 0.35
2.6 14.3 + 0.21
1.7 19.5 1.18
2.9 13.5
+
0.30
1.5 14.9
+ 0.60
0.6 11.5
+
1.00
4.3 14.1
+ 0.60
2.0 14.2 + 0.60
3.3 14.3
+
0.51
1.9 12.5
+
0.27
Anim.
Numb
931
933
933
937
9^ 3
9^5
953
955
957
959
106
108
^0
Ovary Number Total Area Mean Relative
Weight Corpora of c.l. Density of c.l,
(mg) Lutea (mm^) _ (sec)
x - SEM
Population
1.6
1.7 0.7 1^-1
2.6
1.3
3-7 1 0.*f 13.9
1.2 1 0.3 11.9
2.2 
3.3
2.2 0.1 13.6
0.5 
l A
*f.0 3 1.2 12.7 - 0.55
APPENDIX E
Selected micrographs demonstrating histochemical staining of 
3 beta-hydroxysteroid dehydrogenase in sections of ovaries from animals 
in the various stages of the estrous cycle and reproductively inhibited 
animals from populations. All micrographs x 22.
kl
42
Figures 1-4. Proestrous
I'PAi
kk
Figures 5-8- Estrous

k6
Figures 9-12. Metestrous
••
*+8
Figures 13-16. Diestrous
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Figures 17-20. Population

APPENDIX F
Number of Corpora Lutea in Serial Sections of Deermouse Ovaries 
from the Work of Albertson, Bradley and Terman (1975).
Animal Number of Number of 
Number c.l. in c.l. in
Left Ovary Right Ovary
Proestrous
18 7 6
28 7 7
52 15 13
Estrous
37 13 11
^9 12 11
56 6 8
Metestrous
99 9 8
16 8 10
55 10 7
Diestrous
ko 5 6
zk 10 6
~5k 5 8
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